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Abstract 
In the present work, four molecular parameters of ten α-ketothiolester derivatives, including dipole moment, 
total energy, the energy of the lowest unoccupied molecular orbital and the energy of the highest occupied 
molecular orbital, were calculated with a semi-empirical PM6 molecular orbital method. The correlations 
between these molecular parameters and protective effects of these compounds on anoxic damage of PC12 cells 
were analyzed using the Pearson correlation analysis and principal component analysis. Multiple linear 
regression analysis were performed to build quantitative structure-activity relationship (QSAR) models 
between protective effect of ten α-ketothiolester derivatives for PC12 cells and descriptors of molecular 
parameters. It was found that the energy of lowest unoccupied molecular orbital is the main dependent factor 
contributing to the protective effect of these α-ketothiolester derivatives and the model established may be a 
useful technique to predict the protective effect of new compounds of this group for PC12 cells. 
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1. Introduction 
Neurotrophic factors (NTFs) are a family of proteins essential for the survival and function of nerve 
cells [1], and are responsible for the growth and survival of developing neurons and the maintenance of 
mature neurons [2]. Most neurotrophic factors belong to the following three families: (1) neurotrophins, 
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(2) glial cell-line derived neurotrophic factor family ligands (GFLs), and (3) neuropoietic cytokines. Each 
family has its own distinct signaling pathway though the cellular responses elicited often do overlap [2].  
Neurotrophic factors are often released by the target tissue in order to guide the growth of developing 
axons. Multiple diffusible neurotrophic factors acting together promote axon outgrowth during maturation 
of the nervous system [3]. Neurotrophic factors promote the initial growth and development of neurons in 
the central nervous system (CNS) and peripheral nervous system (PNS), and they are capable of 
regrowing damaged neurons in test tubes and animal models. Zhou et al. reported that single recombinant 
NTF delivered into the injured adult spinal cord stimulate only limited axonal regeneration, and growth 
beyond the wound is rarely seen [4-6]. Furthermore they found that local, sustained expression of 
neurotrophic factor neurotrophin-3 (NT-3) by motoneurons will support sprouting of corticospinal tract 
(CST) axons after they have lost their normal CST innervation, and suggested that CNS neurons have the 
capacity to respond to trauma-induced denervation through axonal plasticity [5]. Recently neurotrophic 
factors are being intensely studied for use in bioartificial nerve conduits because they are necessary in 
vivo for directing axon growth and regeneration. In recent studies, neurotrophic factors are normally used 
in conjunction with other techniques such as biological and physical cues created by the addition of cells 
and specific topographies [7]. Therefore, NTFs are important regulators of neural survival, development, 
function and plasticity.  
Quantitative structure-activity relationship (QSAR) is concerned with understanding how molecular 
structural variation affects biological activity for a set of compounds [8]. For example, a QSAR model is 
used to explain why a certain drug produces particular effect and eventually predict their effect of newly 
synthesized compounds. When physicochemical properties or structures are expressed by numbers, a 
quantitative structure-activity relationship can be established by applying a mathematical model that 
describes a relationship between the prediction property of interest and molecular descriptors for a series 
of compounds. A large number of QSAR methods are available presently for use by medicinal chemists 
[9] . Yang et al. designed and synthesized a series of aromatic sulfur esters with functional groups, and 
their biological activity tests suggested these compounds have good neurotrophic roles [4]. Hu and Huang 
recently established a QSAR model based on protective effects of these α-ketothiolester derivatives for 
PC12 cells and the four molecular parameters: dipole moment (DM), total energy (TE ), the energy of the 
lowest unoccupied molecular orbital (ELUMO) and the energy of the highest occupied molecular orbital 
(EHOMO), calculated with a semi-empirical AM1 quantum mechanical method [7]. However, the models 
obtained based on the AM1 calculated parameters was not satisfactory. The aim of the present work was 
to investigate the correlation between these four molecular parameters and protective effects of these 
compounds for PC12 cells by using a semi-empirical PM6 quantum mechanical method, and obtain 
useful QSAR models based on the PM6-calculated  molecular parameters. 
2. Method of Calculation 
The basic structure of α-ketothiolester derivatives under study in the present work can be seen in Fig. 1 
and the detailed structure of each compound is shown in Table 1. 
Structural descriptors of compounds are usually correlated to protective activity [10]. In this work, the 
structures of these compounds were fully optimized and the molecular parameters, including DM, TE, 
EHOMO and ELUMO, were computed (as shown in Table 2) by using semi-empirical PM6 quantum 
mechanical method  (Mopac2009 open source MS-DOS Version Package) [11]. 
Molecules have dipole moments due to non-uniform distributions of positive and negative charges on 
the various atoms. The value of dipole moment is an important factor to deduce information of molecular 
geometry (three-dimensional structure). The total energy of molecule, including all forms of kinetic 
motion (translation, vibration, and rotation) and all forms of potential energy (electrostatic interaction 
between charges, magnetic interactions between spinning charges, and potential energy of bonds), 
determines the reactivity and stability of a molecule [7]. The energies of the frontier orbitals are important 
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properties in several chemical and pharmacological processes. EHOMO measures the electron donating 
character of a compound and ELUMO measures its electron accepting ability [10]. From these definition, it 
is clear that: (a) the greater the EHOMO is, the greater the electron donating capability will be; (b) the 
smaller the ELUMO is, the smaller the resistance to accept electrons will be [12]. These calculated 
parameters should be important for investigating the correlations with the protective effect of these α-
ketothiolester derivatives. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. The structure of studied compoundS 
Compound R1 R2 R3 
1 H COOEt Ph 
2 NHCOCH3 H Ph 
3 NHCOCH3 COOMe Ph 
4 H COOEt CH(CH3)CH2CH3 
5 NHCOCH3 H CH(CH3)CH2CH3 
6 NHCOCH3 H CH3 
7 H COOEt CH3 
8 NHCOCH3 COOEt Ph 
9 NHCOCH3 COOMe CH(CH3)CH2CH3 
10 NHCOCH3 COOMe CH3 
 
Fig. 1 Basic structure of α-ketothiolester 
Table 2. Molecular parameters and protective effect of livability (%) of the target compounds on anoxic damage of PC12 cells 
Compound DM (Debye) 
TE 
(eV) 
EHOMO 
(eV) 
ELUMO 
(eV) 
PE20 [4] 
(%) 
PE10 [4] 
(%) 
PE5 [4] 
(%) 
1 1.95782 -3122.47001 -9.778 -1.210 7.74 19.52 16.11 
2 6.59819 -2874.15203 -9.785 -1.233 4.19 9.98 12.56 
3 3.22096 -3729.60525 -9.673 -1.108 7.15 13.60 14.19 
4 4.42238 -2933.42617 -9.709 -0.695 5.84 10.01 13.87 
5 4.47040 -2685.30063 -9.603 -0.930 4.36 22.04 12.98 
6 4.52033 -2235.98353 -9.855 -9.855 4.54 18.80 15.31 
7 2.16807 -2483.91413 -9.864 -0.856 9.73 10.19 13.25 
8 3.67841 -3879.63011 -9.450 -1.288 9.13 24.39 18.22 
9 2.80149 -3540.53070 -9.796 -0.820 5.24 18.15 15.37 
10 2.38394 -3091.11946 -9.796 -0.740 7.80 21.58 15.34 
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3. Results and Discussion 
3.1. Pearson Correlation Analysis of Molecular Parameters and Their Protective Effect For PC12 Cells 
As shown in Table 3, the Pearson correlation analysis was employed to study the correlations between
molecular parameters and protective effects of the α-ketothiolester derivatives for PC12 cells. The results 
exhibited that there are no significant correlations between the four molecular parameters respectively. 
The protective effects of these compounds at concentrations of 20 µg/ml (PE20), 10µg/ml (PE10), and 5 
µg/ml (PE5) presented negative correlations to DM and TE, and showed positive correlations to EHUMO. 
However, the protective effects of the compounds at 10µg/ml and at 5 µg/ml showed negative 
correlations to ELUMO and at 20 µg/ml showed positive correlations to ELUMO. In summary, the Pearson 
correlation analysis indicated that DM and TE might be useful molecular parameters for predicting PE20 
and PE5, respectively.  
Table 3. Correlations between molecular parameters and neurotrophic activities of α-ketothiolester derivatives at 20, 10 and 5 ug/ml 
levels (n=10). 
 DM TE ELUMO EHOMO PE20 PE10 PE5 
DM 1       
TE 0.239 1      
ELUMO -0.240 -0.515 1     
EHOMO 0.154 -0.608 0.311 1    
PE20 -0.711* -0.327 0.345 0.158 1   
PE10 -0.282 -0.282 -0.141 0.471 0.096 1  
PE5 -0.417 -0.544 -0.145 0.411 0.449 0.695 1 
*significant at 0.05 level (two-tailed) 
 
3.2. Quantitative Structure-Activity Relationship Analysis Based on Molecular Parameters 
In this study, the QSAR models were built at drug concentrations of 20, 10 and 5 µg/ml via a multiple 
linear regression analysis, using neurotrophic activities (protective effects on anoxic damage of PC12 
cells) of these α-ketothiolester derivatives as a dependent variable and molecular parameters (EHOUM, 
ELUMO, DM and TE) as independent variables. The calculated models are as follows. 
 
PE20 = 56.535 - 1.061 DM + 0.0003 TE + 4.614 EHOMO  + 0.088 ELUMO               (1) 
 R  = 0.769          SD = 1.734         F = 1.804             n = 10  
 
PE10 = 322.594 - 1.966 DM + 0.0004 TE + 30.750 EHOMO - 0.909 ELUMO           (2) 
R =  0.734        SD =  4.969         F = 1.460             n = 10 
 
PE5 = 58.163 - 0.600 DM - 0.002 TE + 4.863 EHOMO -0.399 ELUMO            (3) 
R = 0.865          SD = 1.148          F = 3.719             n = 10  
 
The quality of these models is measured by the correlation coefficient (R-value), the standard 
deviations (SD) and the Fisher ratio (F) of the regression. 
Table 4.  Standardized coefficients of the multiple linear  regression model 
 TE EHOMO ELUMO DM 
Standardized  
coefficients  -0.542 0.363 -0.657 -0.501 
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Model (3), which has a relatively high R-value, was selected to investigate the importance of the 
variables in the regression model. The result of standardized coefficients (as shown in Table 4) implicates 
that ELUMO contributes more to the multiple linear  regression for neurotrophic activities than the other 
molecular parameters. ELUMO represents the electron reception ability of a molecule and is a widely used 
quantum chemical descriptor that plays a major role in governing many chemical reactions. Thereby, the 
electron reception ability probably is an important factor to the protective activity of these compounds for 
PC12 cells. 
3.3. Principal Component Analysis of Molecular Parameters and Their Protective Effect for PC12 Cells 
Principal component analysis (PCA), a multivariate statistical analysis, was carried out and offers the 
possibility to interpret multivariate data in terms of processes. Two new components (new variables) that 
interpret 78.818% of total variance were obtained after data reduction with factor analysis. The loading 
plot is shown in Fig. 2 and the loading scores between each item and each component are listed in Table 
5.
Table 5. Component matrix 
 Component 
1 2 
DM -0.054 0.936 
TE -0.878 0.200 
EHOMO 0.848 0.349 
ELUMO 0.679 -0.403 
Fig. 2. Loading plot of DM, TE, EHOMO and ELUMO to each component 
3.4. Quantitative Structure-Activity Relationship Analysis Based on Variables Extracted From Principal 
Component Analysis 
Multiple linear regression analysis was carried out again, based on the two new variables (protective 
effect and extracted new variables). However, the correlations were not satisfactory. The results are as 
follows. 
PE20  =  6.572 + 0.585 X1 - 1.273 X2       (4) 
R = 0.693    SD = 1.65038      F = 3.242          n=10 
Where X1 and X2 refer to component I and component II, respectively. The correlation coefficients for 
PE10 and PE5 based on new extracted variables were 0.288 and 0.409, respectively. Therefore the 
corresponding equations obtained are not presented here.  The correlation coefficient for PE20 decreased 
from 0.769 to 0.693. It is thus obvious that the models based on the new variables resulting from the PCA 
analysis is not better than those based on the molecular parameters.
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3.5. QSAR Comparison  
According to Wold [13], a good QSAR model should have a high R -value and low SD-value. The 
results showed that the R-values in the multiple linear regression models are only satisfactory in our 
study. The R-values of 0.754 and 0.865 for Models (2) and (3) are higher than those in the previous work 
by Hu and HUANG, having the R values of 0.573 and 0.681. However, the R- value of 0.769 for Model 
(1) is lower than their study with the value 0.806. The SD values for Model (1), (2) and (3) are all lower 
than the Model by HU and HUANG. From these Models, it can be seen that the QSAR models (1), (2) 
and (3) based on the four molecular parameters calculated with the PM6 probably is a more effective 
method than those calculated with the AM1 for the prediction of similar compounds or drugs. 
4. Results and Discussion 
The results of this study indicated that the multiple linear regression models in the present work, based 
on the molecular parameters (DM, TE, EHOMO and ELUMO) and the protective effect of the α-ketothiolester 
derivatives on anoxic damage of PC12 cells at concentrations of 20, 10 and 5 µg/ml, may be useful for 
screening new compounds of this class. 
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